Introduction: The aim of this prospective crossover study was to evaluate the non-inferiority of PRO-122 (a preservative-free fixed combination) compared with 0.5% timolol ? 0.2% brimonidine ? 2.0% dorzolamide fixed combination (KOF) by evaluating its efficacy, tolerability and safety in subjects with controlled primary open-angle glaucoma (POAG) 
INTRODUCTION
Glaucoma is a progressive optic neuropathy characterized by the loss of retinal ganglion cells and their respective axons that results in a distinctive appearance of the optic disc and loss of concomitant visual function [1] . Glaucoma is the second leading cause of blindness worldwide (following only cataracts among visual disorders), and it is estimated that by 2020 79.6 million people will develop this condition, 74% of them with primary open-angle glaucoma (POAG) [2] . Some recent studies seem to suggest that rates of POAG among Latin American populations, especially subjects of Mexican origin, exceed those of Caucasian, Australian or African-American populations [3] [4] [5] .
Despite major advances in surgical filtering treatments, implants and laser procedures that improve trabecular drainage, pharmacologic therapy continues to be the initial treatment for most patients with glaucoma, typically including topical application of hypotensive agents [7] .
Currently, topical pharmacologic options for reducing intraocular pressure (IOP) include prostaglandin analogs (PAGs), beta-blockers (bB), alpha adrenergic agonists (aA), carbonic anhydrase inhibitors (CAI) and parasympathomimetic drugs. Normally, pharmacotherapy begins with the application of a single hypotensive agent, usually one of the so-called first-line medications (PAGs or bB) [8] . However, monotherapy may be insufficient in many cases because of its inability to achieve the target IOP and/or prevent progression. In other cases, the drug applied may lose its effectiveness over time because of either tolerance or tachyphylaxis [9] .
The Ocular Hypertensive Treatment Study (OHTS) reported that after 5 years, about 40% of patients required two medications to complete a 20% IOP reduction compared with baseline, while an additional 9% needed more than two medications to achieve this goal [6] . Therefore, two or more drugs are often required for adequate mid-and long-term IOP control. This can be achieved with the concurrent use of drugs of different classes, either in a fixed combination or through concomitant application [9] .
In addition to their greater efficacy in lowering IOP, fixed combinations offer multiple benefits compared with concomitant application of their active ingredients [10] : (1) lower cost; (2) easy treatment regimen; (3) improved treatment adherence; (4) decreased washout risk [11, 12] .
Fixed combinations also offer a decreased risk of corneal and ocular surface damage associated with cumulative exposure to preservative agents. For example, chronic exposure to the benzalkonium chloride (BAK) included in many ophthalmic medications has been associated with inflammation, conjunctival and corneal damage, tear film abnormalities and symptoms of ocular surface disease [13] [14] [15] . BAK concentrations under 0.003% produced a few corneal toxicities, but those containing over 0.005% BAK presented intensified corneal erosion and were associated with reduced tear break-up time.
Currently, the fixed combinations available include b-B timolol 0.5% combined with another drug from a different therapeutic class: a PAGs, aA or topical CAI [16] . In Mexico and some South American countries, fixed triple combinations are also available, including KOF and timolol ? brimonidine ? bimatoprost. The first treatment of this kind was a 0.5% timolol ? 0.2% brimonidine ? 2.0% dorzolamide fixed combination (Laboratorios Sophia, S.A. de C.V., Zapopan, Jalisco, Mexico), which has demonstrated its efficacy and safety during many years of clinical practice [17] .
Based on the foregoing, the purpose of this study was to demonstrate the non-inferiority of PRO-122 (a preservative-free 0.5% timolol ? 0.2% brimonidine ? 2.0% dorzolamide fixed combination) compared with KOF by evaluating its efficacy, tolerability and safety in subjects with controlled POAG previously treated with KOF for at least 2 months.
METHODS

Study Design
This prospective crossover AB:BA, 12-month, multicenter, double-blind phase III study (ClinicalTrials.gov registration number: NCT03257813, registered retrospectively) was conducted in eight centers in Mexico (see author details for a list). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. The study was approved by an Institutional Review Board at each research site (see Acknowledgments for a list). All patients who participated provided their written informed consent prior to the beginning of the study. They were recruited between May 2016 and June 2017.
Participants
Participants were adult patients with primary open-angle glaucoma (C 18 years old), classified as mild, moderate or severe glaucomatous damage (stage 1-4 according to Hodapp-ParrishAnderson criteria, [18]) users of KOF for at least 2 months (1 drop twice daily) before inclusion, and with controlled IOP (range 7-19 mmHg); controlled IOP was defined at the investigator's discretion in relation to the individualized therapeutic plan.
The primary exclusion criteria included patients legally blind in one eye, visual field loss indicative of end-stage glaucoma (stage 5 of the Hodapp-Parrish-Anderson criteria), subjects with a narrow-angle history without treatment, total or partial angle closure of either eye, a history of cataract surgery or any other intraocular surgery within 3 months prior to baseline, contraindication to any medication used in the study, pregnancy, risk of pregnancy and breastfeeding.
The primary efficacy endpoint consisted of maintaining the controlled IOP during the interval between the baseline and final visit.
Treatment and Evaluations
The control group selected-subjects treated with KOF-meant that the protocol was that of a non-inferiority study, since KOF contains the same active principles, and the two formulations differ only by the presence/absence of the preservative, BAK. Patients were assessed for eligibility during a screening visit scheduled 6-9 weeks before baseline, when their medical and ocular histories were obtained (n = 79). If the patient fulfilled all the inclusion criteria and presented none of the exclusion criteria, she/he was enrolled. Each patient was evaluated on five visits after enrollment (n = 68): baseline, safety 1 (15th day), crossover (30th day), safety 2 (45th day) and final visits. On each occasion, the IOP was measured in each eye using a calibrated Goldmann applanation tonometer. Two measurements were performed at hour 0 and hour 2 (i.e., 2 h after the first measurement). For each time point, two consecutive measurements were performed; if a difference[ 1.5 mmHg was detected, a third measurement was made and the media reported. The highest value of the two pressures was considered the peak intraocular pressure, while the lowest was taken as the base intraocular pressure. We assessed the Snellen best-corrected visual acuity measurement and visual field using 24-2 SITA-Standard Humphrey automated perimetry (Carl Zeiss Meditec AG; Dublin, CA, USA). Abnormal findings upon slit lamp examination (biomicroscopy) of the ocular surface with fluorescein dye were graded as mild, moderate or severe. In addition, the VF-14 index and a questionnaire on ocular comfort were applied on the baseline, crossover (30th day) and final visits (60th day). The ocular comfort questionnaire consists of five questions, with answers graded 0-10 (0 = no inconvenience, 10 = unbearable inconvenience) exploring fatigue, burning, itching, dryness and pain. The demographic characteristics of the patients are shown in Table 1 .
Using simple randomization, subjects were assigned to AB or BA, to receive the A or B sequence. To maintain masking, the labels on the bottles used in the study were covered. During the baseline visit (day 0), patients in the A sequence (n = 24) received PRO-122 (a preservative-free 0.5% timolol ? 0.2% brimonidine ? 2.0% dorzolamide fixed combination), while patients in the B sequence (n = 27) received KOF. The run-in period ended with the crossover visit (day 30), when the A sequence patients began to use KOF and the B patients changed to PRO-122. The patients enrolled did not have a washout period during crossover between the two drugs (PRO-122-KOF). All the researchers, patients and other sponsoring team members were blind to treatment assignment throughout the study. Patients were instructed to apply one drop of either treatment into each eye twice a day (9 a.m. ± 15 min and 9 p.m. ± 15 min). A safety call was carried out 2 weeks after the second treatment periods (75th day). The trial medication was discontinued if either the researcher or patient judged that it was not in the latter's best interest to continue or if a female patient became pregnant. The flow chart of study participants is shown in Fig. 1 .
Outcome Variables
Efficacy was evaluated by monitoring controlled IOP maintenance and for peak IOP obtained during the interval from baseline to day 60. The variables used to analyze tolerability and safety were: ocular findings (tear break-up time, conjunctival hyperemia, tearing, chemosis and burning sensation in the eye), questionnaire on ocular comfort, the VF-14 index and the incidence of adverse events.
Statistical Analysis
Data analysis was performed for the modified intent-to-treat population (ITT), defined as all randomized patients with at least one postbaseline efficacy evaluation, and then repeated for the per-protocol population (PP), established as a randomized patient with no major deviation from the protocol after performing a bivariate analysis. Before the study began, it was determined that at least 48 eyes were needed per group to detect a difference of at least 1.5 mmHg in mean controlled IOP maintenance between treatments using a significance level of 0.05 with a power of 0.80. 
RESULTS
Characteristics of Subjects
Seventy-nine patients were screened and 68 enrolled. Mean age ± standard deviation (SD) was 65.6 ± 10.7 years (range 22-93); 72.5% of patients were female. Mean visual acuity ± SD (LogMAR) was 0.22 ± 0.23 in both sequences. The mean deviation (MD) of the visual field test was -12.0 ± 10.5 dB for the A sequence and -9.9 ± 8.6 for the B sequence. No differences Fig. 1 Current diagram of patients enrolled in the study in patient demographic characteristics were observed; see Table 1 .
Efficacy
Base Intraocular Pressure On each visit, intraocular pressure was measured in each eye at hour 0 and hour 2 (2 h later). The lower of these two values was considered the base intraocular pressure. IOP was analyzed for 51 patients (102 eyes); 48 eyes were assigned to the A sequence (PRO-122: day 1-30, KOF: day 31-60) and 54 to the B sequence (KOF day 1-30, PRO-122: day 31-60). Both products contained 0.5% timolol ? 0.2% brimonidine ? 2.0% dorzolamide, but differed in the presence/absence of BAK. For the A sequence, the baseline IOP ± SD was 13.60 ± 2.9 mmHg, a value that decreased to 13.19 ± 3.2 mmHg after 1 month of treatment with PRO-122, representing a reduction of 0.41 mmHg, which was not significant (t (47 ) = -1.110, p = 0.272). After this period, the crossover to KOF took place. After 30 days of treatment, the IOP was 12.60 ± 3.0 mmHg, a decrease of 0.59 mmHg, which was also not significant (t (47) = -1.79, p = 0.080). The patients in sequence A thus experienced a decrease of 1.0 mmHg by the end of the study. This difference was significant with respect to the initial value (t (47) = -2.576, p = 0.013).
The mean IOP ± SD for the B sequence during the baseline visit was 12.13 ± 1.8 mmHg. After the first treatment period with KOF, this decreased to 11.80 ± 2.1 mmHg, 0.33 mmHg lower than their baseline, with no significant changes (t (53) = -1.552, p = 0.127). After the crossover visit and the corresponding change to PRO-122, a decrease in IOP to 11.24 ± 1.6 mmHg was reported, 0.56 mmHg lower than during the KOF period (t (53) = -2.007, p = 0.05). At the conclusion of the study, the patients in sequence B had a significant decrease of 0.89 mmHg with respect to their baseline IOP (t (53) = -3.420, p = 0.001).
Thus, control of IOP was maintained throughout the 8 weeks of the study, regardless of period; see Fig. 2 . In both sequences, the controlled IOP was lower on the final visit than at baseline; however, the adjusted difference between sequences for change in IOP for baseline vs. crossover (week 4) showed no statistically significant difference between groups (t (100) = -1.98, p = 0.843) or on the final visit (week 8) vs. crossover (t (100) = -0.065, p = 0.948). In this analysis, each eye is shown as one case.
Peak Intraocular Pressure
On each visit, intraocular pressure was measured in each eye at hour 0 and hour 2 (2 h later). The peak intraocular pressure was considered the highest value of the two readings. Mean peak IOP was higher for the B sequence than the A sequence on all visits regardless of the treatment assigned, but the adjusted difference between sequences for change in peak IOP for baseline vs. crossover (week 4) showed no statistically significant difference between groups (t (100) = -0.767, p = 0.445) or on the final visit (week 8) vs. crossover (t (100) = 1.153, p = 0.522). In this analysis, each eye is shown as a separate case; see Fig. 3 .
Tolerability
Ocular Findings
The tear break-up time (TBUT), conjunctival hyperemia, tearing, chemosis, burning and foreign body sensation were evaluated in relation to the ocular findings. Regarding TBUT, no differences between treatments were found in either sequence, as this parameter was maintained during the entire 8 weeks, regardless of the study period. Conjunctival hyperemia was scored as ''0'' (no hyperemia) or ''1'' (hyperemia). During the baseline visit only, B showed less conjunctival hyperemia than A (X (1) 2 = 11.134, p = 0.001). Similarly, and again only on the baseline visit, the B sequence showed less presence of tearing than the A sequence (X (1) 2 = 5.979, p = 0.023). On the crossover and final visits, no between-sequence differences were observed. Finally, for chemosis, a burning sensation and foreign body sensation, no differences were observed between the sequences in any period of the study protocol. For ocular findings, each eye is also shown as a separate case; see Table 2 .
Questionnaire on Ocular Comfort
Participants were asked to score the discomfort they felt during the study protocol on a scale of 0-10, with 0 being 'no inconvenience' and 10 'unbearable inconvenience.' The factors considered during the administration of each drug were: fatigue, burning, itching, dryness and pain. The scores reported for both drugs were low (always below 5). No differences were observed between treatments (p [ 0.05); see Table 3 .
VF-14 Index
Visual Function Index-14 (VF-14) is a questionnaire that evaluates the visual function in relation to daily-use vision in patients with ophthalmologic diseases. The questionnaire contains 14 items; each questionnaire was scored on a scale of 0-4. Average scores were then multiplied by 25 to give a scale of 0-100. No differences were observed between the sequences during the clinical trial on the initial visit (t (49) = 0.663, p = 0.510), the crossover visit (t (49) = 0.436, p = 0.665) or the final visit (t (49) = 1.860, p = 0.069). The average score (SD) after using PRO-122 was 84.13 (17.03) for the A Fig. 3 Comparison of changes in mean peak intraocular pressure between sequences for baseline vs. each visit. A sequence (full circle) n = 48 eyes; B sequence (full square) n = 54 eyes. A sequence: PRO-122 day 1 to crossover, KOF day 31 to final. B: KOF: day 1 to crossover, PRO-122 day 31 to final. Data are presented as mean ± SEM 
Safety
Adverse Events A total of 29 AEs were reported by 32.3% (22/68) of subjects during the study, but there were no significant differences between treatments for their incidence (X (2) 2 = 4.931, p = 0.085); 41.3% were mild, 55.3% moderate and 3.4% severe. For PRO-122, 55.6% of the AEs (10/18) were mild and 44.4% (8/18) were moderate, whereas for KOF, 18.2% (2/11) were mild, 72.7% (8/11) were moderate, and 9.1 (1/11) were severe.
Only one serious adverse event was identified during this study; however, it was not related to the products evaluated. The subject involved, a 42-year-old male who suffered acute abdominal pain, was examined and hospitalized with a presumptive diagnosis of appendicitis. However, after a more thorough examination, appendicitis was ruled out and gastritis was diagnosed, with the respective treatment prescribed. That event was classified as serious because it required hospitalization, but was resolved without sequel, and no causal association was established with the medication tested in the study (KOF).
The most commonly reported non-ocular AE was rhinopharyngitis (27.6%), while the most frequent ocular AE was conjunctivitis (10.3%). There were no significant differences in AEs between the two fixed combination treatment groups (X (5) 2 = 7.692, p = 0.174). The adverse events are shown in Table 4 .
DISCUSSION
The primary goal of medical therapy in cases of glaucoma is to reduce the intraocular pressure (IOP) and so preserve visual function. For these aims to be achieved, treatment with a fixed combination of hypotensive drugs is sometimes necessary. Most fixed combination drugs include the topical bB timolol (0.5%) combined with a aA agonist or a topical CAI. These combinations can effectively lower IOP in patients with POAG [16, 19, 20] . PRO-122 is a preservative-free 0.5% timolol ? 0.02% brimonidine ? 2.0% dorzolamide fixed combination. As mentioned above, topical therapies are often necessary to prevent the progression of glaucoma-related optic nerve damage, and here fixed combinations may be more beneficial than therapy with concomitant single agents. In accordance with this, KOF proved to be well tolerated and to have minimal harmful effects on the ocular surface [21] .
Because POAG is a progressive chronic condition, their management requires long-term treatment, perhaps even for a lifetime, so the benefits of the chosen treatment must be balanced against the possible risks and adverse reactions. In addition, the impact of tolerability on therapeutic adherence becomes a factor that contributes to the effectiveness of prolonged therapies. Previous clinical trials have demonstrated the efficacy of the triple-fixed combination KOF in treating POAG [17, 21, 22] . However, the preservative agent included in this formulation could potentially decrease tear film stability by altering the lipid component of the tear and perhaps produce dry eye syndrome by affecting the evaporative mechanism, producing irritation of the ocular surface [15, 23] . The present study proved that PRO-122 is effective in keeping IOP within the target range in patients with POAG previously controlled with KOF. The change from PRO-122 to KOF, and vice versa, after 30 days of use did not affect the control of IOP in our study cohort. Therefore, PRO-122 was shown not to be inferior to KOF in patients with POAG.
The mechanism described for BAK toxicity includes detergent effects that cause loss of tear film stability, toxic effects on the corneal and conjunctival epithelium, and immunoallergic reactions. BAK possesses high affinity to membrane proteins and may change the ionic resistance of the cornea by interacting with its cellular membranes [14] . Preservative-free medications may be useful in maintaining the integrity of the ocular surface, especially in patients with glaucoma, since about 50% of treated patients show ocular surface disease. But, of course, such preservative-free formulations must demonstrate the efficacy described for similar products that include a preservative [13] .
One strength of our study was the use of a crossover design, since this minimizes the impact of confounding covariates and allows for each subject to be her/his own comparison. In addition, a crossover trial can theoretically achieve the same degree of precision as a parallel group trial, but with only half the sample size. Thus, the control group selected-treatment with KOF-allowed our work to be marked as a non-inferiority study because it involved the same active principles, as the only difference between the PRO-122 and KOF formulations is the presence of BAK. Hence, the crossover design may have facilitated the determination of the real efficacy of the two fixed combinations.
The theoretical advantages of a BAK-free formulation were not observed in this study, probably because of its 8-week duration; thus, to evaluate the tolerability of the BAK-free product, a longer follow-up period is needed. Rolle et al. found that preservative-free timolol produced a significantly higher ocular surface disease score, greater basal epithelial cell density and stromal reflectivity, lower Glaucoma Symptoms Scale scores and tear break-up times and effects on several sub-basal nerves compared with controls after 36 months [24] .
In addition, the study design did not allow attesting the superiority of PRO-122. Crossover studies have some limitations, and the treatment order may affect the outcome (adverse effects, subjective satisfaction, etc.). For this reason, a crossover design usually includes a washout period between treatments; however, given the characteristics of our participants who needed the application of anti-glaucoma drugs, this made having a long washout period unfeasible.
In the present study, after 30 days of use, the safety of both medications was similar between groups since no AEs related to the medication were reported. Thus, because the preservativefree product enhanced satisfaction (according to the questionnaire on ocular comfort), recommending this medication to glaucoma patients would seem to be beneficial in terms of maintaining adherence to anti-glaucoma eye drop therapy for longer periods [13] .
The absence of statistically significant differences between the sequences in relation to IOP, together with the maintenance of IOP control, indicate that the main objective of the study was met. Even considering peak IOP, the IOP in subjects treated with PRO-122 remained consistent with the baseline IOP. When compared with KOF in the B sequence, a difference of 0.41 mmHg was observed, which was neither a statistically significant difference nor clinically relevant. This variance remained well below the allowed non-inferiority limit of 1.5 mmHg.
The treatment with PRO-122 proved to be as safe as that of KOF. The presence of AEs in both groups showed no statistically significant differences. No relation to study drugs was established for any of the AEs reported, nor were there any clinically or statistically significant differences between the groups in terms of the safety.
Concerning tolerability, one of the strengths of the design of the study is that it allowed each subject to act as her/his own control, thus eliminating potential biases in the subjective variables. That being the case, no differences were observed, and subjects reported minimal annoyances associated with their use, as reflected in their responses to the questionnaire on ocular comfort. Indeed, the only difference between the two sequences was the conjunctival hyperemia and tearing on the baseline visit on ocular findings.
In other findings, the two formulations were similar in terms of the VF-14 index and in general were well tolerated. No statistically significant differences between the two sequences were found in terms of quality of life related to the use of these meditations.
Finally, this study had some limitations, including the lack of a washout period. This is relevant for crossover studies because the treatment during the first period may have a residual effect that persists through the subsequent stage-i.e., a ''carryover effect''-especially when there is no ''washout'' between periods. Another limitation was the short treatment period of just 2-month duration. To evaluate the tolerability and safety of PRO-122, a longer follow-up period is needed.
CONCLUSION
KOF is a medication used to treat glaucoma cases that require more than one medication to control intraocular pressure. Fixed combinations of glaucoma medications are preferred over the separate use of their components to improve treatment adherence. The present study confirmed that PRO-122 was effective in maintaining controlled intraocular pressure in POAG patients.
The crossover between PRO-122 and KOF, and vice versa, after 30 days of use did not affect IOP control in patients diagnosed with POAG. Therefore, PRO-122 is not inferior to KOF for IOP maintenance in such patients. After 30 days, the tolerability and safety of both products proved to be similar, since no drugrelated EAs were reported. Thus, PRO-122 is a formulation that may prove to be an effective treatment for POAG patients as it incorporates the benefits inherent in preservative-free ophthalmic medications.
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